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(3) Feed injector for catalytic cracking unit 



A feed injector (30) for a fluid catalytic cracking reaction zone, which provides improved oil 
atomization and dispersion comprises a straight-pass conduit section (31), in which a feed oil and steam 
are prefixed, and a terminal section (35), where the oil is atomized and dispersed by a generally 
fan-shaped distributor (39). The feed injector (30) produces a substantially flat spray pattern across the 
direction of catalyst flow in the catalyst/oil contacting section of the catalytic cracking reaction zone. 
Improved product yield and lower coke and light gas yields are obtained. 
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The present invention is concerned with the field of fluid catalytic cracking of hydrocarbons, and more par- 
ticularly relates to an improved feed injector for atomizing and dispersing a hydrocarbon feed into a stream of 
heated catalyst particles in the riser reactor of a catalytic cracking unit 

Fluidized catalytic cracking of heavy petroleum fractions is one of the major refining methods to convert 

5 crude or partially refined petroleum oB to useful products such as gasoline and heating oils. In fluidized catalytic 
cracking, high molecular weight hydrocarbon liquids are contacted with hot, finely divided solid catalyst particles 
in a catalytic reactor. The reactor is typically in the form of a riser pipe, and the contact time of the hydrocarbon 
feed is on the order of a few seconds. This short contact time is necessary to optimize generation of gasoline 
and middle distillate fractions and to minimize economically undesirable end products, such as methane and 

10 carbon. Reaction of the feed material generates a large volume of gaseous hydrocarbons. These hydrocarbons 
in admixture with the catalyst flow out of the riser pipe into a separator or disengaging section of the flu id catalytic 
cracking unit (FCCU). The spent catalyst is separated and passed downwardly through a stripper section for 
return to a regenerator. Fluidizing steam is typically introduced to flow up through the down-flowing catalyst to 
assist in stripping hydrocarbon vapor from the spent catalyst The desired product, in the form of hydrocarbon 

15 gas or vapor, is recovered overhead, typically through one or more cyclone separators, and is piped to a dis- 
tillation columm. 

One problem with the injection of a hydrocarbon feed into the catalytic reactor is that if the feed is not suf- 
ficiently atomized and does not directly contact catalyst upon injection into the reactor, then thermal cracking 
may occur instead of catalytic cracking. This results in the generation of the undesirable end products of 
20 methane and coke, rather than the desired middle distillate hydrocarbons. Prolonged contact of the hydrocar- 
bon feed with catalyst after discharge into the stripper section of the FCCU may also result in overcracking or 
further thermal cracking. 

There is considerable evidence that the atomization and subsequent vaporization of the liquid feed has 
important effects in fluid catalytic cracking operations. Generally the most desirable reactions occur in the vapor 

25 phase and require extremely rapid movement of reactants to and from active catalytic sites. In addition, the 
time required for vaporization of feed droplets reduces the time available for the desired catalytic reactions. 
Furthermore, liquid wetting of the catalyst tends to reduce the surface area which is available to catalyze hyd- 
rocarbon reactions, and results in increased "coke" due to adsorption of heavy fractions present in the feed or 
formed by polymerization. Excess coke is undesirable because the process duties of the stripper and 

30 regenerator are increased as a result. In addition, coke can deposit on the surfaces of the equipment Involved. 
According to the invention there is provided a feed Injector for introducing an oil feed into a stream of catalyst 
in the reaction zone of a catalytic cracking unit, which feed injector comprises, in the upstream direction, a 
proximate conduit section of average diameter Di for providing a mixture of a feed and an atomizing enhancing 
medium, followed by a simultaneously converging, in side-view, and either diverging or straight, in plan-view, 

35 mid-section of side-view length L 2 , whereby the internal cross-sectional area of the injector is thereby continu- 
ally decreased to a throat section comprising an orifice section for atomization of the feed, which throat section 
leads to a simultaneously substantially flat, in side-view, and diverging in plan-view fan-shaped distributor end 
section of length L 3 , having a maximum plan-view width L 6 and thickness U, and which diverges at an angle 
of 9 in plan-view, so that a substantially flat fan-shaped spray pattern is obtainable across the flow of catalyst, 

40 providing good catalyst/oD contacting, and wherein the dimensions of the feed injector range as follows: 

0.25Di < ^2 < Dl 
0.5Di < L3 < 2Di 
45 Di < L 5 « 10" (25,4 cm) 

0.5" (1.27 cm) ^ L 6 4 0.5Di 
30° £ £ 90° 

50 

Thefeed injector is capable of spraying the oil in a substantially fiat pattern across the direction of the regen- 
erated catalyst flow in the catalyst/feed oil contacting section of the catalytic reactor portion of the FCCU. The 
resulting catalyst/feed oil contacting provides improved product yield and lower coke and light gas yields. 
Additionally, the present feed injector has the advantage of simplicity and economy of construction and use. 
55 Since the preferred embodiment has no internal pieces, the present feed injectors are advantageous for use 
with heavier feeds that might coke and form obstructions in the flowpath of the feed oil. 

The invention will be more clearly understood upon reference to the detailed description below given by 
way of example with reference to the drawings wherein: 
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FIG. lis a schematic diagram in plan-view of a first embodiment of a feed injector, for a fluid catalytic crack- 
ing unit 

FIG. 2 is a schematic diagram in side-view of the feed injector of Fie. i. 

FIG. 3 Is a schematic diagram in front-view of the feed injector of FIGS. 1 and 1 2. 

FIG. 4 is a schematic diagram in plan-view of a first, second, and third form of feed injector, for appl.cat.on 

to a catalytic cracking unit 

FIG. 5 is a three dimensional portrayal of the first embodiment A in FIG. 4. 

FIG. 6 is a three dimensional portrayal of the second embodiment B in FIG. 4. 

FIG. 7 is a three dimensional portrayal of the third embodiment C in FIG. 4 „ MmttM faeri into 

FIG 8 is a cross-sectional side-view of afeed injector, for providing atomlzation of a hydrocarbon feed into 
a riser reactor, which feed injector is shown attached to the wall of the riser reactor. 

FIG. 9 isagraph showing the dropletsize distribution produced by afeed mjector compared to me droplet 
sizedisWbufonofapreviouslyusedfeed^ 

""TSmJ Srjto gTSs comparing the spray dfctfbutions. respectively, of one form of feed injector 
a JrdTng to the present invention and a previously used feed injector, which spray distnbubons were exper- 

imentally determined according to Example 1 below. .. _ 

Asmentionedabove.thepresentinventionispartioilariyconcemedwithatomizingandd^pers,^ 

hyd^caTifeed in a riser reactor of a catalytic cracking unfc It is desirable that contact and 

hydrocarbon feed with the catalyst particles proceeds as the mixture thereof flows through the reactor riser in 

K?s «sential that the liquid feed be rapidly converted to gas to effect the necessary catalys -gas phase reac- 
SonsSuchre^ 

S^fSSS stream must'be optimal as to dropletsize. distribution and spray 

able rommercially-available. flow rates and pressures. Further, feed Injectors for creaung such patterned flow 

inn fhmnnh itt or mechanical wear (as by abrasion of the fluidized catalyst particles). 

^^ZZ£S£Z* atomLion is attained by the ^^^^SSSS- 
and Ian contact between thefeed and the circulating catalyst particles. The present feed "V^enpi* 
SlTfine dispersion with a droplet average diameter suitably In the range of 20 to ?^"^£*"2* 
tan 500 microns and more preferably less than 1 00 microns. A 60 microns droplet sze, which approxim- 
ates the averaqe catalyst particle size, is exemplary. 
The^T^ 

variafc TJ. These include the physical properties of the liquid sprayed (viscosity. <^£^£™* 
physical properties of the stream into which the liquid is sprayed, process operating cond.tons (for ^example 
S!d? velocities), and feed injector design, for example, the geometry and size In 
Suidsurfacetenstonand viscosity W ^^"^cfl^^"^J 
ing. For example, typically the surface tension decreases from 20-25 dynes/cm at 400'F (204.4 C) to 5-10 

the of the exiting liquid streamj.the relative ^^^^'^T^ 

Z gas for example steam, at the point of liquid ejection, and the ratio of gas/hquld employed. 

r q eneS^heaveragefeed droplet size decreases as p^r.diopinci^ Ttaquarit^i*^ 

shlp^ry^ 

t IT gTSSoweve, the effect of pressure drop across the injector Is specific to the system exammed 

and pressure drop interacts with other variables. ho*H i«« nress- 

The pressure drop available for feed injector design is based on thefeed pump 
ure drop over preheai Exchangers and furnace, feed piping "^^f^^^^Jf^ 
wLure drop for norde design is between 30 and 50 psi in existing feed systems, and this is generally ade- 
%SZ«Zq the present fe'ed injector. A higher pressure drop, r available. m = « "P^** 
Operation below 15 psi. however, may lead to problems of poor spray atomizafon and d«tnbut»n. and 

^Z^XTZ* "Pressure atomfced" and/or sprayed into the FCCU reactor. However, in the pre- 
tmX£S£*£ toJ molecular weight medium, referred to as an atomlzation enhanc.ng medium is 

ZbW 8uUb media Include hydrogen, steam, nitrogen. FCC off-gas. and C 6 - hydrocarb ons. Most pref- 
2!Sll mixture is used as the feed stream to the FCCU reactor. The ratio of steam/oil car b 
Z!2£ZLm based on changes in oil feed type and properties. The amount of steam « the mixture 
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influences the density of the mixture and will therefore have an impact on atomization. General commercial 
practice, suitable with the present process, is to use about 1.0 wt. % steam for light feed types and about 3.0 
to 5.0 wt % steam for heavy, more viscous feed types. Typically, the steam is mixed with the oil feed In a T- 
junction. The amount of steam is controlled by an upstream orifice or valve in a steam line across which the 
5 pressure drop from a higher pressure to injector pressure is taken. 

For injection into the catalytic cracking reaction zone, the feed is normally preheated to a temperature typi- 
cally ranging from ambient to about 800°F (426.7°C). The preheat temperature suitably reduces feed surface 
tension and may provide some vapor which, together with injection of an atomization enhancing medium such 
as steam, gives a suitable velocity for feed atomization. 
10 The presentfeed injectors may achieve a suitable exit velocity while minimizing injector pressure drop. Vari- 
ous pressure drop correlations known to those of ordinary skill in the art may be used to design the specific 
dimensions of the feed injectors for a particular use. Suitably, the feed injectors of the present invention are 
operated at an exit velocity of about 1 00 to 350 ft/sec (30.5 to 1 07.9 m/sec), preferably about 1 50 to 200 ft/sec 
(45.7 to 70.0 m/sec). A suitable pressure drop across the nozzle is about 15 to 75 psi (103.4 to 517.1 kPa). 
15 preferably about 25 to 35 psi (1 72.4 to 241 .3 kPa), but will depend on the equipment and capabilities. 

The liquid feed oil, which may be partially vaporized, is injected through the throat section portion of the 
feed injector, which throat section has a relatively small orifice or cross-sectional flow area. Orifice heights are 
often on the order of 0.3 to 2 in (0.76 to 5.1 cm), suitably in the range of 0.5 to 1 in (1.3 to 2.5 cm). A suitable 
orifice width is in the range of about 1.5 to 5 in (3.8 to 12.7 cm), typically about 2.5 to 3.5 in (6.4 to 8.9 cm). 
20 The liquid feed oil is forced by the pressure through the orifice to form an unstable liquid jet or sheet which 
breaks up into droplets on leaving the the feed injector. 

FIGS. 1 to 3 show the geometric configuration of a first form of feed injector according to the present inven- 
tion. It is noted that the specific geometric ratios will vary depending on individual application considerations 
and/or limitations, for example the steam/oil ratio, the number of injectors, etc. The oil and the feed are mixed 
25 axially in a pipe and fed into the injector tip. The injector has an elongated rectangular or oval shaped orifice 
which provides atomization of the feed, as explained in detail below. 

As shown in FIGS. 1 and 2, the feed injector, generally designated 30, comprises a pipe or conduit section 
31 of average diameter Di for providing a mixture of a feed liquid and an atomizing enhancing medium or gas, 
for example steam, to a nozzle portion which comprises, in the upstream direction, an optional, in plan-view, 
so converging section 33 of length L 1f which converges to a plan-view width of L*. The latter section is followed 
by a simultaneously converging (side-view) and diverging (plan-view) section 35 of side-view length L*. Impor- 
tantly, the cross-sectional area of the nozzle is thereby continually decreased to a throat section 37. The throat 
section comprises a rectangular or oval shaped orifice, in cross-section, which provides atomization of thefeed. 
The throat section leads to a substantially, in side-view flat, and in plan-view diverging fan-shaped distr&utor 
35 end section 39 of length U and maximum plan-view width L«. As shown in the front-view of FIG. 3, the exit of 
the distributor end section 39 has a thickness of Lq. The distributor end section 39 is shown in FIG. 1 to diverge 
at an angle of 8 in plan-view. 

The fan-shaped distributor end section 39 provides a substantially flat fan-shaped spray pattern across the 
flow of regenerated catalyst in the riser reactor, resulting in good catalystfoil contacting. The fan-shaped dis- 
40 tributor end section achieves moderate injection velocities, thus min imizing catalyst attrition and cross flow dis- 
turbance of the catalyst stream. A notable feature of this design is the flattened orifice of throat section 37 which 
helps initiate a fan-shaped flow pattern to improve distribution of the feed oil. Another notable feature of this 
design Is the plan-view diverging section 35 which begins downstream of the throat section in order to ensure 
filling of the fan-shaped distributor section 39 by the feed stream. Such filling avoids ingress of catalyst into 
45 the distributor end section and is critical to its mechanical life and performance, avoiding potential erosion con- 
cerns. Thus, the present feed injector provides both improved process performance (lower coke and gas yields) 
as well as improved mechanical reliability. 

With reference to FIGS. 1 to 3, the dimensions of the feed injector suitably range as follows: 

so 
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0 ^ Li < Di 

(K25Di < L2 < Di 

6 0.5Di < L 3 < 2Di 

O.SDi < L4 ^ Di 

Di < L5 4 10" (25.4 cm) 

0.5" (1,27 cm) 4 I* 0.5Di 

10 30° ^84 90° 

FIG. 4 shows a comparison of first, second and third embodiments of the present invention which differs 
with respect to the plan-view. Embodiment A shows the same type of injector as in FIGS. 1 to 3. Embodiments 

1 5 B and C differ from embodiment A in that section 33 does not converge. The embodiment C additionally differs 
with respect to the plan-view in that section 35 does not diverge. 

FIGS. 5A and B show a feed injector of embodiment A in three-dimensional perspective, FIGS. 6A and B 
show a feed injector of embodiment B in three-dimensional perspective, and FIGS. 7A and B show a feed injec- 
tor of embodiment C in three-dimensional perspective. 

20 Referring now to FIG. 8, a feed injector according to the present invention is shown connected to wall 103 
of an FCCU reactor riser. As evident, the feed injector assembly is an integral part of the FCCU reactor system. 
In a typical unit, the feed injector may discharge at an angle to the riser of between 0 and 75°, which riser is 
typically vertical at the Injection point The distributor end section 1 1 0 of the feed injector is shown positioned 
at an angle of 30 degrees to the vertical. The feed injector is shown in cross-section transversing a conical seg- 

25 ment shaped wall section 130 which is itself at a 30 degree angle from the vertical, between an upper relatively 
larger diameter cylindrical vertical wall portion 132 and a lower relatively smaller diameter cylindrical vertical 
wall portion 134 of the riser. 

The distributor end section 1 10 is supported by refractory lining 1 35. Different attachment angles and orien- 
tation angles may be optimal depending on the specific unit and type of injector. As evident, the installation of 

30 the Injector may be conventional and utilize a pipe cap or guard 133 to protect the projection of the feed injector 
within the riser. A castable refractory lining 136, supported by metal plates 137, lines the outer metal walls 140 
of the reactor apparatus. Suitably kaowool paper 138 surrounds the circumference of the feed injector where 
it pierces the riser wall. Weldings at appropriate edges, for example 142, render connections airtight. A flange 
139 connects the injector to upstream piping 144. Other mechanical arrangements, for attaching the feed injec- 

35 tor to the wall of the reactor, will be known to those skilled in the art. 

In the particular injector assembly configuration shown in Fig. 8, a mixture of steam and oil is introduced 
upstream through a steam/oil fluid inlet. 

Additionally, an isolation valve between flanges of the piping system leading to the feed injector assembly 
may be used to allow for onstream maintenance of the assembly. This isolation valve is usually a gate valve, 

40 although other valve types such as a ball valve may be used. The isolation valve may be closed and the assem- 
bly then may receive on-stream maintenance, for example, If feed type and chemistry should eventually cause 
undesirable coking or partial plugging of the inside of the injector. 

To attain optimal liquid-gas/solids distribution, multiple feed injectors are preferred. An oil feed line may 
supply a ring or plurality of feed injectors via an annular manifold. Typically, a single ring of injectors is used, 

45 although multiple levels of injectors may be considered if additional capacity or feed segregation is desired. 

In a multiple feed injector design, the feed injectors are preferably installed in a symmetric radial pattern 
on the reactor riser, to provide uniform coverage of the entire riser cross-section. Also, the injectors are pref- 
erably located a minimum distance above the point where the riser expansion commences, to avoid contacting 
the injected oil droplets with de-accelerated catalyst 

so The feed injector projection into the catalyst stream should be minimized to reduce the potential for external 
nozzle erroslon. This also minimizes disturbance to catalyst flow and the occurrence of "dead zones" where 
the catalyst is not directly contacted by the oil spray. 

Process control instrumentation is recommended to maintain an efficient injector performance under vary- 
ing process conditions and to permit effective monitoring of performance. The total steam rate to the injectors 

55 may be flow controlled, with flow set point reset by oil manifold pressure. Such a control system maintains a 
reasonably constant Injector pressure drop and compensates for changes in feed flow rate, feed vaporization, 
or the like. 
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EXAMPLE 1 

This example illustrates tests for evaluating the feed atomization and spray pattern associated with one 
form of feed Injector according to the present invention. The experimental system involved injecting water Into 

5 a so-called patternator, which ascertained the spray pattern distribution for each feed injector tested. The pat- 
temator consisted of a long rack of covered glass tubes, operated by remote control, that was placed in the 
middle of the nozzle spray pattern. A cover was removed simultaneously from the entire rack and quickly rep- 
laced so that balls, floating at the top of the water collected in the tubes, would present a "picture" of a spray 
pattern. The patternations were then fed into a printer. 

10 The test facilities included a 750 SCFM (21,240 litres/min) capacity air compressor and two 1000 GPM 
(3785 litres/min) water pumps. The air flow was metered through a manifold of four rotometers connected in 
parallel. The waterflow was measured by either a paddle wheel meter or a system of four graduated rotometers. 
Pressure drop was measured by a number of analog guages and one digital instrument located on the water 
line about one foot from the injector entrance. Injectors were oriented in the vertical downward position. The 

is nozzles terminated anywhere between 6 to 8 feet (1 .83 to 2.44 m) above the floor, depending on the length of 
upstream piping used in the particular test. 

Injector pressure drop was measured over a wide range of air rates (50 to 750 SCFM) (1,416 to 21,240 
litres/min) at water rates of 150 and 250 GPM (560.3 and 946.6 litres/min). The water rates correspond to 5140 
BID and 8570 BID (817,260 litres/day and 1,362,630 litres/day) respectively. Air rates were set to be represen- 

20 tative of typical concentrations of injection steam in feed on commercial cat plants. Equivalent steam/on ratios 
for the testing ranged from 0.2 to 1.5 wt. %, Tests were also run in which air was maximized to a compressor 
constraint. Equivalent steam/oil ratios for these tests were as high as 3 wt %. 

Testing of the injector showed that it gave an evenly distributed spray. Spray droplet size did appear coarse; 
however, the testing of this injector was conducted at very low pressure drops. When the pressure drop reached 

25 15 psi (103.4 kPa), the coarseness of the spray lessened. There appeared to be some spray pulsation at lower 
air rates. The spray angle was approximately 40°. FIGS, 9 and 1 0 show the droplet size and spray angle dis- 
tribution, respectively, associated with the present injector at a typical pressure drop and feed rate. It is evident 
from FIG. 9 that the droplet size distribution obtained with the present injector was wider and more bimodal, at 
the same pressure drop, compared to a previous injector design. As shown in FIG. 10, the spray angles of the 

30 present injector were also wider, and a more uniform spray pattern was obtained compared to the denser central 
core pattern of the previous injector. 

EXAMPLE 2 

3S This example illustrates the predicted calculated performance of a typical feed injector as discussed herein. 
Eight feed injectors were sized to handle 50 psi (344.7 kPa) maximum pressure drop (AP) for various combi- 
nations of total feed rate (25-41.5 kB/SD (3.8-6.6 ml/stream day)), steam rate (up to 1 1.0 klb/h (4990 kg/h)) f 
and oil feed temperature (330-600°F (1 65.6-31 5.6°C)). The design conditions are given in Table I below. The 
base steam rate was based on 2 wt. % FF steam injection for the coldest oil temperature (330°F (465.6°C)) 

40 and a maximum total oil rate of 41 .5 kB/SD (6.6 ml/stream day). A listing of steam requirements to achieve up 
to 60 psi (344.7 kPa) pressure drop (AP) as a function of oil feed rate and temperature is given in Table 2 below. 
In addition, the calculated injector tip velocities are presented. As shown, several oil feed/temperature combi- 
nations exhibit less than 50 psi (344.7 kPA) AP across the nozzle (as low as 37 psf,(255.1 kPa)). These APs 
are limited by either steam rate injection (1 1 .0 klb/h max (4990 kg/h max)), or nozzle tip velocity (150 fps max 

45 (45.7 m/sec max)) to maintain catalyst attrition at acceptable levels while avoiding over penetration of oil drop- 
lets. While maximum AP is desirable, the lower APs estimated (^37 psi (S255.1 kPa)) are within design 
guidelines for providing a good atomized oil spray pattern with a uniform droplet size distribution* 

The feed injectors are operated to provide a uniform coverage of catalyst with feed, and to minimize the 
risk of nozzle plugging if the injectors are not in use. However, if isolation of a feed injector is necessary due 

50 to its poor performance, the feed injectors can handle the design operating conditions with only 7 active nozzles. 
Table 2 also lists the steam requirements with only 7 active nozzles for the design conditions. As shown, relative 
to the full 8 active nozzle operation, less steam is required to achieve up to the 50 psi (344.7 kPa) AP across 
the feed nozzle. 

55 
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Feed Rate: kB/SD (ml/stream day) 

5 

Maximum 36*5 (5.8) 

Ultimate Maximum 41.5 (6.6) 

10 Minimum 25 (4*0) 



^ed properties 



15 



20 



Nominal cut, *P (°C) 
Gravity, *API (gm/cm 3 ) 
Temperature (w/o heater), *F (°C) 
(v/heater), *F (°C) 



650/1100 (343/593) 

23.7 (0-912) 

330-550 (166-288) 

600 (316) 



GCD Distillation 



25 LV% IX 12S1 

IBP 448 (231) 

5 572 (300) 

10 626 (330) 

30 

30 734 (390) 

50 813 (434) 

70 898 (481) 

35 80 963 (517) 



Available upstream pressure, psig (kPa) 90-175 (620.5 - 1206.6) 

Steam injection rate, wt% (1) 
Maximum steam injection rate, wt% (2) 



45 



so 
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TABLE 2 



10 



15 



20 



25 



30 



Nozzles In Use g 7 

Oil Temp. "F (°C) SOU (316) 33fl (166) fiOfi (316) 330 (166) 

°U PatS Steam Injection. %rt.» on Fresh Feea 

fcB/SD (ml/stream day) 



41.5 (6.6) 


1.6 


2.0 


1.15 


1.45 


40.0 (6.4) 


1.7 


2.1 


1.25 


1.6 


36.5 (5.8) 


1.9 


2.3 


1.55 


2.0 


25.0 (3.0) 


2.9 


3.3 


2.5 


3.3 



Steam Inje ction, klb/hr ffcmtm3/lir> 

41.5 (6.6) 8.8 (4.0) 11.0 (5.0) 6.4 (2.9) 8.0 (3.6) 

40.0 (6.4) 9.1 (4.1) li;o (5.0) 6.7 (3.0) 8.5 (3.9) 

36.5 (5.8) 9.2 (4.2) 11.0 (5.0) 7.5 (3.4) 9.7 (4.4) 

25.0 (3.8) 9.6 (4.4) 11.0 (5.0) 8.3 (3.8) 11.0 (5.0) 





41.5 


(6.6) 


50 




40.0 


(6.4) 


50 


35 


36.5 


(5.8) 


47 




25.0 


(3.8) 


39 


40 










41.5 


(6.6) 


144 




40.0 


(6.4) 


147 




36.5 


(5.8) 


148 


45 


25.0 


(3.8) 


149 



Kozzle AP, psi OcPal 

(344) 50 (344) 50 (344) 50 (344) 

(344) 48 (331) 50 (344) 50 (344) 

(324) 45 (310) 50 (344) 50 (344) 

(269) 37 (255) 41 (283) 42 (290) 

"Injector tip velocity, fps (m/g) 

(43.9) 120 (36.6) 124 (37.8) 103 (31.4) 

(44.8) 120 (36.6) 128 (39.0) 108 (34.2) 

(45.1) 119 (36.3) 141 (43.0) 121 (36.9) 

(45.4) 115 (35.1) 148 (45.1) 132 (37.2) 



so Claims 

1. A feed injector for introducing an oil feed into a stream of catalyst in the reaction zone of a catalytic cracking 
unit, which feed injector (30) comprises, in the upstream direction, a proximate conduit section (31) of aver- 
age diameter D 1 for providing a mixture of a feed and an atomizing enhancing medium, followed by a sin> 
55 ultaneously converging, in side-view, and either diverging or straight, in plan-view, mid-section (35) of 
side-view length L 2f whereby the internal cross-sectional area of the injector (30) is thereby continually dec- 
reased to a throat section (37) comprising an orifice section for atomization of the feed, which throat section 
(37) leads to a simultaneously substantially flat, in side-view, and diverging in plan-view fan-shaped dis- 
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tributor end section (39) of length L 3 , having a maximum plan-view width U and thickness L* and which 
diverges at an angle of 9 In plan-view, so that a substantially flat fan-shaped spray pattern is obtainable 
across the flow of catalyst, providing good catalystfoil contacting, and wherein the dimensions of the feed 
injector (30) range as follows: 



0.25Di 


< 


L 2 


< 


Dl 


0.5Di 


< 


L 3 


< 


2Di 


Dl 


< 


L 5 




10" (25.4 can) 


27 cm) 








0.5Di 


30° 


4 


0 




90° 



15 2. A feed injector as claimed in claim 1, further comprising a plan-view converging section (33) of length L 1f 
which converges to a plan-view width of U, wherein: 



0 $ Li < Di 
20 0.5Di < L 4 ^ Di 

3. A feed injector as claimed in claim 1 or 2, wherein said mid-section is straight. 
26 4. A feed injector as claimed in claim 1 or 2, wherein said mid-section is diverging in plan-view. 

5. A feed injector as claimed in any preceding claim, wherein said throat section (37) comprises a flattened 
enlongated oval or rectangular shaped orifice for initiating a fan-shaped flow distribution pattern of said feed 
oil. 

30 

6. A feed injector as claimed in any preceding claim, wherein it is connected to a wall (1 03) of a fluid catalytic 
cracking unit reactor riser. 

7. A feed injector as claimed In claim 6, wherein the injector (30) is at an angle to the riser of between 0 and 
36 90°. 

8. A feed injector as claimed in claim 6, wherein the injector (30) Is at an angle to the riser of between 1 0 and 
75° degrees. 

40 9. A process for injecting a feed oil into a reaction zone of a fluid catalytic cracking zone, wherein an automi- 
zation enhancing medium is admixed with the oil feed prior to passing the admixture through said throat 
section of a feed injector as claimed in any preceding claim. 

10. A process as claimed in claim 9 f wherein said atomization enhancing medium is steam, the average droplet 
45 diameter is less than 500 microns, the pressure drop across the feed injector is in the range of about 15 
to 75 psi (103.4 kPa to 517.1 kPa), and the exit velocity of the the feed oil is in the range of about 100 to 
350 ft/sec (30.5 to 1 07.9 m/sec). 
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